The potential variation in peanut plant leaves were examined by the application of bulk and nano ZnO through presowing method. ZnO nanoparticles synthesized by chemical route and were characterized using x-ray diffraction, atomic force, scanning electron and transmission electron microscopy. ZnO nanoparticles and bulk counterpart are applied to the peanuts by presowing method in two concentrations of 500 ppm and 4000 ppm. Fourier transform infrared spectra exhibit variation in most prominent peaks~2923,~1636,~1033 cm À1 due to ZnO stress in both nano and bulk form, which was supported from the calculated mean ratio of the peak intensities for various frequency region and total band area calculation for various band region. The infrared spectra were further processed by de-convolution and curve fitting analysis to examine the variation in secondary structure protein of leaf samples stressed with ZnO bulk and nanoparticles. Multivariate analyses shows the successive factors account for decreasing amounts of residual variance using two factors for the wave numbers 1633, 1648, 1656, 1666, 1673 and 1684 cm À1 assigned to protein secondary structure of leaf samples.
Introduction
Micronutrients like zinc, iron, magnesium, manganese, etc. was used in agriculture at low concentration for potential growth of plants. Even though micronutrients required for plant growth, become toxic when the concentration exceeds the permissible level. Lead, mercury and cadmium are some of the non-essential elements which are highly toxic even at lower concentration [1, 2] . Zinc is an essential element for normal plant growth and it is widely used for many applications [3e10] . Zinc deficiency is most common in many plants like corn, sorghum, cotton, etc. The first obvious symptom of zinc deficiency is interveinal chlorosis of the upper (youngest) leaves. Afterwards, shoot growth slows down; giving the affected plant parts a rosette-like appearance. Higher uptakes of other nutrients are also known to increase the demand of Zn [11] . The toxic effects of metal oxide also plays important role in plant growth. Nanoparticles can serve as "magic bullets", containing herbicides, nanopesticide fertilizers or genes, which target specific cellular organelles in plant to release their content. Several works focused to stimulate the seed germination using nanoparticles and its use as a source of micronutrients. Presoaking was commonly used to reduce the time between seed sowing and seedling emergence and to synchronize emergence. Presoaking seeds have important role in increasing the yield of different crops in relation to enhance 37, 40, 70, 22, 31, 56, 50 and 20.6% in wheat, barley, upland rice, maize, sorghum, pearl millet, and chick pea respectively [12, 13] . In this work the effect on biochemical constituents and metal concentration in peanut plant leaves (collected after 30 days of sowing) due to presoaking peanut seeds in zinc oxide bulk and nanoparticle suspension for 10 hours was studied.
Experimental

Synthesis of ZnO nanoparticles
The zinc oxide nanoparticle was synthesized using chemical precipitation method. Zinc nitrate is used as the precursor material and is taken as solution in a beaker. The zinc nitrate solution is stirred well using a magnetic stirrer and ammonium hydroxide solution is added in drops to get zinc hydroxide precipitate. The solution was continuously stirred to avoid agglomeration of precipitated particles. The precipitate is then washed several times with distilled water and ethanol further annealed at 400 C for 4 h to remove water content and form zinc oxide (ZnO) nanoparticles. The annealed sample analyzed for phase confirmation and particle size using XRD, SEM, AFM and HR-TEM techniques [14] .
Seed preparation and presoaking
The peanut seeds obtained from Regional agricultural research institute, Virudhachalam. The seeds were sterilized in a 5% sodium hypochloride solution for 5e10 min, and then rinsed thoroughly several times with deionized water. The seeds were treated with two different concentration of bulk and nano zinc oxide suspension (500 & 4000 ppm) for a time period of 10 h. Later the seeds sowed in separate pots for each concentration of both nano and bulk zinc oxide. A total of three replicates were chosen for each physiological measurement (at an average of three plants per replica)
where the results were presented as mean ± standard deviation (SD) [15] .
FT-IR spectral analysis
The leaf samples were sectioned from the plant collected after 30 days of sowing. All the leaf samples were oven dried at 100 C for 48 h to remove moisture and ground to fine powder. The infrared spectra of leaves were recorded using KBr pellet technique in BRUKER IFS 66V model FT-IR spectrometer in the region 4000e400 cm À1 . Each sample was scanned under the same conditions with three different pellets. These replicates were averaged and then used. The spectra were analyzed using Origin 8.0 software (OriginLab Corporation, Massachusett, USA). For discussion the samples was named
where, L 1 e Leaf samples of plant seeds soaked in 500 ppm zinc oxide bulk suspension collected after 30 days of sowing, L 2 e Leaf samples of plant seeds soaked in 4000 ppm zinc oxide bulk suspension collected after 30 days of sowing, L 3 e Leaf samples of plant seeds soaked in 500 ppm zinc oxide nano suspension collected after 30 days of sowing, L 4 e Leaf samples of plant seeds soaked in 4000 ppm zinc oxide nano suspension collected after 30 days of sowing.
Statistical analysis
All statistical analysis was performed using SPSS 16.0 software. Pearson's correlation matrix was calculated for secondary structure protein of leaf samples. Principle component analysis was carried out to find the factors which influence the variation in protein content among the leaf samples treated with bulk and nano zinc oxide in comparison with control sample. Graphical work was carried out using Originsoftware 8.0.
Results and discussion
3.1. XRD, SEM, AFM and TEM analyses of zinc oxide nanoparticles Fig. 1 visualizes the XRD pattern of zinc oxide. The formation of zinc oxide phase in 400 C annealed sample was confirmed by an X-ray diffractometer. The average grain sizes were determined from the XRD patterns using the Debye-scherrer formula. The average particle size of the zinc oxide nanoparticle was found to be 23.90 nm. The peaks were matched using JCPDS software and it was well matched with the zinc oxide (ZnO) of file no "Pdf # 891397". The SEM image confirms the uniformity of phase formation and the particle size of the zinc oxide nanoparticle. Fig. 2 visualize the SEM images of zinc oxide.
The 2D and 3D atomic force microscopy image of zinc oxide nanoparticle confirms the particle size exist in nano range. The average particle size of the zinc oxide calculated from XRD results nearly match with AFM results as shown in the Fig. 3 . Fig. 4 shows the TEM image and selected area electron diffraction (SAED) pattern of zinc oxide nanoparticle. The image clearly shows the particle sizes are in nanometer and the SAED pattern explains the polycrystalline nature of zinc oxide nanoparticle.
FT-IR spectral studies of leaf samples
The tentative frequency assignment of averaged spectra for the peanut leaf samples collected after 30 days of sowing was tabulated in Table 1 shift in band observed in all samples except L 4 sample where the shift was 3 cm À1 . The amide I protein is present in all the samples which was observed from the very strong band at~1630e1636 cm À1 . The band at 1547 cm À1 gives the presence of amide II in all leaf samples and an increased intensity was found all leaf samples suggesting the increase in protein content of leaf sample. The bands at~1426,~1383 and 1255 cm À1 in control leaf sample is assigned to CeN stretching/in-plane OH bending, CH 3 symmetric bending; protein and CeO stretching (ethers)/CeN stretching (amines) respectively. In these spectral regions an elevated intensities observed in L 1 and L 4 leaf samples alone which indicates the increase in amide III protein with respect to control leaf sample. The variation in intensities of bands from~1156 to 1033 cm
À1
indicates the variation in carbohydrates and all other nucleic acids in all leaf samples compared to control leaf sample. The intensity of band at~1156 cm À1 corresponds to CH deformation, CeO, CeC stretching sample alone and were absent in all other leaf samples.
The FTIR results shows that the presoaking of peanut seeds with ZnO bulk and nanoparticle suspensions of concentration 500 and 4000 ppm might have considerable influence on the protein, chlorophyll, carbohydrate and other biochemical constituents of leaf samples collected after 30 days of sowing. The total band area calculation for various spectral regions gives the changes in biochemical constituents of leaf samples directly from raw spectra. The spectral and other biochemical constituents due to the presoaking of peanut seeds with zinc oxide bulk and nano suspension.
The FT-IR spectra were recorded with care by preparing the pellet of all the samples taking same weight during pelletizing, so the relative biochemical change is assessed by calculating the mean ratio of the peak intensities corresponding to various wavenumber. The mean ratio of the peak intensities of the bands at 1540 cm À1 and at 3347 cm À1 (I 1540 /I 3347 ) was used as an indicator of the relative concentration of the protein in the leaf samples ( Table 3 ). The calculated (I 1540 / I 3347 ) ratios of the leaf samples increased compared to control sample. The maximum variation in relative protein was found in L 1 leaf sample by 74.58% compared to control leaf sample. The mean ratios of the absorption intensity of the methyl band and methylene band (I 2954 /I 2850 ) of samples L 2 , L 3 and L 4 are 1.066 ± 0.002, 1.161 ± 0.003, and 1.131 ± 0.004 respectively, which correspond to an increase of 5.64%, 15.01% and 12.08% respectively but the mean intensity ratio found to decrease by 7.12% in L 1 leaf sample. The increase in the ratios indicates the number of methyl groups in protein fibers is more compared to methylene groups in these leaf samples.
The mean ratio of the intensities of the bands at 1540 cm À1 and 1635 cm À1 could be attributed to change in the composition of the whole protein pattern (I 1540 /I 1635 ). The calculated mean ratio of intensities of L 1 , L 2 and L 3 leaf samples are 0.834 ± 0.009, 0.676 ± 0.007 and 0.754 ± 0.007, which attribute to Table 2 The total band area calculated for all the iron oxide soaked samples and compared with the control leaf sample. The values are the mean ± S.E for each group (n ¼ 9). Comparisons were done by Students t-test. The degree of significance was p < 0.05. The values are the mean ± S.E for each group (n ¼ 9). Comparisons were done by Students t-test. The degree of significance was p < 0.05.
the increase in whole protein of 34.11%, 8.71%, and 21.36% in these samples respectively whereas the total protein of L 4 leaf sample shows slight decrease of 3.97% compared to control leaf sample. From these results it was observed that the total protein of leaf samples increases when peanut seeds presoaked in 500 ppm of bulk and nano zinc oxide suspension and 4000 ppm concentration of bulk, but decreases when peanut seeds primed with 4000 ppm nano zinc oxide suspension.
The mean ratio of peak intensities of the bands (I 1071 /I 1540 ) attributed to glycoprotein was found to be 0.828 ± 0.020, 0.902 ± 0.012, 0.785 ± 0.014 and 3 and L 4 are 0.621 ± 0.018, 0.466 ± 0.012, 0.609 ± 0.011 and 0.683 ± 0.009 respectively whereas the mean ratio intensity of control peak sample is 0.617 ± 0.023, which reflects that L 1 and L 4 leaf samples found increased by 0.57% and 10.58% respectively but it decreased in L 2 and L 3 leaf samples by 24.42% and 1.37% respectively.
To study the secondary structure of proteins in the leaf samples, further analysis was carried out by resolving the amide I band using the curve fitting method. To find out the number of peaks in the amide I region for curve-fitting process, the second derivative spectra were calculated using Origin 8.0 software (SavitskyeGolay as a derivative operation) in the amide I region (1600e1700 cm À1 ). The underlying bands of amide I band as deduced by curve fitting analysis for the control and leaf samples grown by presoaking peanut seeds with two concentrations of bulk and nano zinc oxide suspensions were tabulated in Table 4 . The band around 1633 cm À1 is assigned for b e sheet of secondary structure of protein and its integrated band area is found to increase in all the leaf samples by 40.77%, 18.26%, 152.23% and 126.17% respectively when compared with control leaf sample. This indicates the peanut seeds soaked in zinc oxide nanoparticle suspension show a steep increase in b e sheet of secondary structure of protein whereas it increased slightly in zinc oxide bulk suspension. Also the increase in b e sheet is more in 500 ppm suspension of both bulk and nano zinc oxide compared to 4000 ppm concentration. The random coil of the secondary structure of protein was observed from the peak centered at 1648 cm À1 shows increase in band area of all the samples considerably expect L 2 sample where it found decreased slightly by 0.82%. The band at 1656 cm À1 is due to a e helix of protein secondary structure which shows a steep increase in band area of L 1 , L 2 , L 3 and L 4 leaf samples by 222.12%, 135.80, 88.41% and 234.72% respectively. The bands centered around 1666, 1673 and 1684 cm À1 were assigned for the b e turn of the secondary protein structure (Table  4) . The integrated band area of 1666 and 1673 cm À1 found to increase in all leaf samples. The integrated band area of 1684 cm À1 was found increased in L 2 and L 3 leaf samples by 22.98% and 25.51% respectively whereas it decreased in L 1 and L 4 leaf samples by 11.62% and 22.55% respectively. Thus the results clearly shows that the increase in total protein content is mainly contributed by a e helix and b e sheet of secondary structure of protein [17] . Table 4 Frequency assignment for secondary protein obtained by self deconvoluted spectra. The values are the mean ± S.E for each group (n ¼ 9). Comparisons were done by Students t-test. The degree of significance was p < 0.05.
Pearson correlation coefficient matrix for secondary structure of protein
The Pearson's correlation coefficient matrix measures the strength of a linear relationship between any two variables on a scale of þ1 (positive linear correlation) to À1 (negative linear correlation). In this study, the derived intensities of the secondary structure protein were used in calculating the correlation coefficient using the SPSS 16.0. The matrix of linear correlation coefficient is show in Table 5 which is significant at the 0.01 level (2-tailed À1 and 1633e1673 cm À1 clearly indicates b e sheet increases with increase in random coil and b e turn vice versa. Also positive correlations exist between the wavenumber 1673e1648 cm À1 and 1673e1666 cm À1 corresponds to increase in b e turn of secondary structure of protein with random coil and vice versa. There is no negative correlation between any of the secondary structures of protein which indicates a e helix; b e sheet and b e turn does not increase at the expenses of one another. The wavenumber 1656 cm À1 corresponds to a e helix of protein secondary structure does not have any impact due to the other protein secondary structures [18] .
Principal component analysis for variation in secondary structure of protein
Further principal component analysis using SPSS 16.0 software is performed for understanding the protein secondary structure variation among the leaf samples obtained by seed presoaked with bulk and nano zinc oxide suspensions compared with control sample. The results in Table 6 shows that the variation of secondary structure of protein due to the metal treatment is calculated using varimax rotated factor analysis of principal component extraction method.
Factor analysis or principle component analysis is a useful tool in the examination of multivariate data (Fig. 6) . Using rotated factor loading and commonalities varimax rotation analysis, information about the main factors in the studied samples was obtained. The successive factors account for decreasing amounts of residual variance using two factors (varimax rotation) for the wavenumbers 1633, 1648, 1656, 1666, 1673 and 1684 cm À1 assigned to protein secondary structure of leaf samples. The cumulative percentage of explained variance in wavenumbers of secondary structure of protein of all leaf samples is 98.115%. The main factor (>0.6) account for 78.943% of the total data variance, the variation of secondary structure of protein was established by accounting the wavenumber 1633, 1648, 1666, 1673 and 1684 cm À1 . Factor 2 of protein secondary structure. These results explain that a e helix of protein secondary structure might not required for studying the variation in protein secondary structures of leaf samples obtained by seed presoaking with bulk and nano zinc oxide suspensions [19] .
Conclusions
The effect of presoaking peanut seeds in bulk and nano form of zinc oxide suspension was studied extensively. The synthesized zinc oxide nanoparticle was phase confirmed with XRD results and it measures average particle size of 23.9 nm. The SEM, TEM and AFM images confirms the uniformity and particle size of nanoparticles. The FT-IR results, band area calculation and calculated mean intensity ratios of peanut plant leaves collected after 30 days of growth period explains that zinc oxide nanoparticle has considerable effect on the protein, chlorophyll, carbohydrate and other biochemical constituents when applied through presoaking the peanut plant seeds in zinc oxide bulk and nanoparticle suspensions. The Fourier self-deconvolution and second derivative spectra explained that b e sheet, b e turn, random coil and a e helix of protein secondary structure varied to greater extent in all leaf samples compared to control sample. The correlation matrix for secondary structures of protein shows that there is no variation in a e helix with respect to other protein secondary structure of leaf samples. The PCA analysis supports the results obtained in correlation matrix where a e helix does not group with other protein secondary structure.
